In the paper Phys. Rev. D, 75, 064013 (2007) S. Hod has derived a universal bound on the relaxation time of a perturbed system. In this comment I show that it is not correct in the proposed form because in that case relaxation cannot be treated thermodynamically. I point out to a correct form proposed in the literature.
In a recent paper [1] Shahar Hod claimed that he has derived a universal bound on the relaxation time τ of a perturbed system from information theory and thermodynamical considerations,
where T is the system's temperature. In this comment I want to make corrections to this statement. First, the condition (1) is not new and is well known in the literature a long time ago. It follows from quantum mechanics and thermodynamics directly without reference to information theory. The proof is given in detail by Landau and Lifshitz [2] . Secondly, and what is more important the condition (1) is not correct because in this form it is very weak. It means that in that case the quantum fluctuations are large and we cannot treat relaxation thermodynamically. The essential idea can be stated simply. The response of a system in thermal equilibrium to an outside perturbation and the relaxation timescale at which the perturbed system returns to an equilibrium state can be considered in the framework of fluctuation theory. As is well known, the main relationship of the theory is w(x) = const e S(x) , where w is the probability density for a quantity x, S(x) is the entropy. Suppose x anḋ x are some quantity of a system and its classical rate of change respectively; then, as is well known from quantum mechanics [2] , there exists the relation ∆E∆x ∼hẋ. Let τ be a time expressing the rate of change of the quantity x which has a non-equilibrium value. Thenẋ ∼ x/τ and ∆E∆x ∼hx/τ . Obviously, the quantity x has a definite value only if its quantum uncertainty is small: ∆x ≪ x. Hence ∆E ≫h/τ . The entropy of the system will then have uncertainty ∆S ≫h/τ T . If the main relationship of the theory is to be meaningful, it is necessary for the uncertainty of entropy to be small compared with unity. Thus we obtain
This condition is more stronger than (1). But it is obtained in more fundamental way and in that way, in our opinion, is more appropriate. It ensures that quantum effects are negligible in our thermodynamical considerations. When τ is too small (x varies too rapidly) or when the temperature is too low the fluctuations cannot be treated thermodynamically, and the purely quantum fluctuations dominates. From this point of view the condition (1) is not correct for the laboratory systems.
Hod, strictly speaking, confirms this conclusion. He has demonstrated with an example that a typical laboratory system has just the relaxation timescale which satisfies the condition τ T ≫h, i.e. (2) not (1) . Here I want only to make one inessential remark. In his example Hod points out that the relaxation timescale is of order of the size of the system, R. But it is valid only for the low density gases. In general, the thermodynamical relaxation in gases is a very complicated phenomenon. For not so dilute gases the relaxation timescale is of order of R 2 . I want also to add a remark rather methodological by nature. Each thermodynamical parameter of the system has its own relaxation time. The greatest of these times plays the part of the relaxation time of the whole system. For example, when thermal equilibrium is established, the equality of pressures (i.e. mechanical equilibrium) is reached much more rapidly than that of temperatures, and so cases are often met with in which the pressure is constant throughout a body but the temperature is not. Thus the existence of a mode with (1) yet does not mean that the overall relaxation time must be defined by it.
To conclude let us consider (2) as applied to the black holes. In case of a black hole the relaxation time is of the same order of magnitude as the minimal relaxation time, τ min =h/T . But in that case, as has been shown above, the quantum fluctuations are large. Can one then apply it to a black hole? I think we can. For example, the mean black hole fluctuation of energy, as opposed to the laboratory system, doesn't depend on the temperature and is a constant of the order M P . In our opinion it indicates that black hole fluctuation can be quantum by nature. The black holes are unique objects in nature. They are thermodynamical systems. But at the same time they possess the quantum properties.
Moreover, Landau and Lifshitz point out [2] that the time τ need not be the same as the relaxation time for equilibrium to be reached with respect to x, and may be less than this time if x approaches < x > in an oscillatory manner. For example, if we consider the variation of pressure in a region of the body with linear dimensions a, τ will be of the order of the period of acoustic vibrations with wavelength λ ∼ a, i.e. τ ∼ a/c, where c is the velocity of sound. This resembles the black hole quasinormal modes. The relaxation phase in the dynamics of perturbed black holes has just such an oscillatory character. Therefore, it is possible that in case of a black hole the minimal relaxation time is realized.
